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1.1. Solid-phase synthesis of 2,3-diphenylpropionic acid
derivatives as VLA-4 antagonists
There exist a plethora of structural templates that have
been exploited successfully in medicinal chemistry. One
such template is the phenylalanine skeleton (i) which can
be found within, for example, the angiotensin converting
enzyme inhibitor alacepril and the insulin promoter
nateglinide. A further structurally related chemical class
is represented by recently synthesised VLA-4 antagonists.
The integrin, very late antigen-4 (VLA-4), is a hetero
dimeric adhesion molecule (a4b1) expressed on the surface
of leukocytes, binding vascular cell adhesion molecule-1
(VCAM-1) on endothelial cell surfaces. Small molecule
antagonists for VLA-4 are reported to be useful for the
treatment of chronic inﬂammatory diseases such as asthma.
Recent work has sought to examine the potential ability
of the 2,3-diphenylpropionic acid template to replace
phenylalanine moieties in lead compounds, themselves
requiring peptide backbone modiﬁcation, with the intent
of improving the leads’ overall pharmacokinetic proﬁle.1
In this work, the researchers chose to develop an eﬃcient
solid-phase library synthesis of diverse, substituted 2,3-
diphenylpropionic acids as potential VLA-4 antagonists.
Synthesis of 96 compounds took place on SynPhaseTM
Lanterns through a 4-hydroxymethyl phenoxyacetic acid
(HMP) linker. The pivotal intermediate (ii) was prepared
and derivatised through either of the following routes: (1)
nitro group reduction followed by acylation, then (2)
Fmoc-group deprotection, reductive alkylation followed
by acylation; or the inverse of this synthetic route (2) then
(1). Both routes were attempted to deliver compounds of
general structure (iii), obtained after cleavage of the com-doi:10.1016/j.comche.2007.01.002
E-mail: nterrett@ensemblediscovery.compound from the solid phase. The compounds thus obtained
were assayed for their ability to inhibit the binding of
VLA-4 expressing human leukemia cells (HL-60) to human
VCAM-1 expressed on Chinese hamster ovary (CHO) cells.
One of the most potent compounds isolated was (iv) which
possessed an IC50 of 5 nM for inhibition of VLA-4 binding.This work demonstrates a general solid-phase library syn-
thesis of substituted 2,3-diphenylpropionic acids and has
clear utility in the search for novel VLA-4 antagonists
and other drug discovery targets.
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using FTICR mass spectroscopy
Fifteen new natural product-derived drugs were launched
by the pharmaceutical industry between the years 2000 to
2003, highlighting the importance of natural products to
drug discovery. An extension of synthetically-derived com-
binatorial libraries is the use of natural product templates
for the generation of biologically relevant chemical
libraries.
The carbonic anhydrase (CA) family of Zn(II) metallo-
enzymes catalyse the interconversion of CO2 and HCO3
.
This interconversion is a regulatory reaction that underpins
many physiological processes associated with pH control,
ion transport and ﬂuid secretion. Usually an aromatic or
heteroaromatic sulphonamide moiety (ArSO2NH2) is the
primary recognition element for small molecules to bind
the active site of CA with coordination of the ionised sul-
phonamide functional group to the active site Zn(II) ion.
The inhibition of CAs by aromatic sulphonamides has been
exploited clinically for several decades for the treatment of
a variety of conditions including glaucoma and gastric
ulcers. More recently, a role for this class of compounds as
anticancer agents has been identiﬁed. Recent work has
attempted to utilise a mixture-based screening methodology,
to simultaneously reveal both the presence and conﬁrm the
identity of CA inhibitors from a synthesised natural prod-
uct-based library based on the general template (v), with
aﬃnity for bovine carbonic anhydrase II (bCAII).2
The approach used bioaﬃnity characterisation mass spec-
trometry (BACMS), and it was found that the application
of this screening technique identiﬁed a potent bCAII
binder from random screening of a natural product-based
synthetic library. The mass spectral screening works as
follows: electrospray ionisation Fourier transform ion
cyclotron resonance mass spectrometry (ESI-FTICR-MS)
analysis of bCAII from 10 mM NH4OAc solution yielded
the ESI positive ion mass spectrum, acting as the control
free-protein spectra. Peaks corresponding to the +8 to
+10 charge states of bCAII were observed, with the +9
charge state predominating. This charge state envelope
(few, low charge states) is typical for bCAII when in a com-
pact, tightly folded structure.
A mixture of bCAII (30 lM) and the synthetic library com-
ponent (30 lM of each compound, tested as singletons) in
10 mM NH4OAc was incubated for one hour at room
temperature and then analysed by ESIFTICR-MS under
identical conditions to that for the free protein. The same
charge state envelope as for free-protein bCAII was ob-
served. However, if binding occurred between protein
and ligand, each charge state now consisted of a grouping
of two peaks: a lower intensity peak that corresponded to
unmodiﬁed bCAII and a more intense peak at a higher
m/z value that corresponded to a bCAII–ligand complex,
and thus identiﬁcation of active compounds was possible.
A solution phase competitive bCAII enzyme binding assay
validated the mass spectrometry screening results. Themost potent compound identiﬁed was (vi) which possessed
a Ki of 77 nM when measured in the solution phase bCAII
enzyme binding assay. This assay conﬁrmed the original
activity detected through mass spectral analysis and dem-
onstrates the ability of this technology to identify active
members from a natural product-based library mixture.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
The eﬃcient solid-phase synthesis (SPS) of novel hybrid
polyamine toxins using a BAL resin has been described.
This strategy enables the bidirectional construction of
toxin molecules and has potential in SPS of chemically
diverse libraries of toxin analogues for structure–activity
relationship studies.3
The solid-phase synthesis of 2-imidazolidinethiones, in
good yield and purities, via the N-cyclisation of N-(2-
hydroxyethyl)thioureas using the Mitsunobu reaction has
been reported. This process employed the reductive amin-
ation of an ArgoGel-MB-CHO resin to anchor the amino-
alcohols, followed by reaction with isothiocyanates to give
the resin-attached N-(2-hydroxyethyl)thioureas.4
Six types of isoxazoles were synthesised using combinato-
rial synthesis on solid support in a parallel fashion. Highly
regioselective 1,3-dipolar cycloaddition of the nitrile oxides
to the triple bond of the solid-supported ethynylbenz-
amides gave isoxazoles on solid support in good yield.5
2.2. Solution-phase synthesis
A library of ﬁfteen 1,6,7,9-tetrasubstituted 6,7,9,9a-tetra-
hydro-5H-pyrazolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3,5(2H,
3aH)-triones has been prepared by combinatorial stereo-
selective cycloadditions of (1Z,4R*,5R*)-1-arylmethylidene-
4-benzoylamino-5-phenylpyrazolidin-3-on-1-azomethine
imines to N-substituted maleimides.6
2.3. Scaﬀolds for combinatorial libraries
A new synthetic protocol for a sclerotigenin-type benzodi-
azepine–quinazolinone library scaﬀold has been intro-
duced. A ﬂuorous benzyl protecting group is used for the
synthesis of 4-benzodiazepine-2,5-dione intermediate and
also as a phase tag for ﬂuorous solid-phase extraction.7
A new and practical method has been developed for the
synthesis of substituted benzothiazoles via the intramole-
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at ambient temperature. The reaction proceeds in high
yields via the thiyl radical to give novel oxybis-benzothiaz-
ole, and oﬀers a high degree of ﬂexibility with regard to the
functional groups that can be placed on the benzothiazole
nucleus or 2-aryl moiety which in turn generates scaﬀolds
for parallel synthesis.8
2.4. Solid-phase supported reagents
No papers this month.
2.5. Novel resins, linkers and techniques
2-Chlorotritylchloride (2-CTC) resin has been prepared
eﬃciently from 1% DVB-crosslinked polystyrene resin
and 1-chloro-2-(dichloro(phenyl)methyl)benzene, which
was easily obtained from 2-chlorobenzophenone. This
2-CTC resin showed excellent properties as a support for
solid-phase peptide synthesis.9
The synthesis and the use of new N-1-dinitrophenyl-inosine
based solid supports, in which the C-2 of the purine base is
strongly activated toward the attack of N-nucleophiles has
been reported.10
A novel linkage, useful for the synthesis of oligonucleo-
tides, has been described. The linking function is compati-
ble with all conditions used for oligonucleotide synthesis,
orthogonal to all other protecting groups, but regenerates
3 0-OH rapidly upon mild reduction under aqueous
conditions.11
2.6. Library applications
Libraries of mifepristone analogues (MP-Acids) were de-
signed and synthesised to increase the chances of identify-
ing glucocorticoid receptor GR antagonists that possess
liver-selective pharmacological proﬁles. MP-Acids were
uniformly potent GR antagonists in binding and in cell-
based functional assays.12
A bis-desmosidic steroidal saponins library, composed of
16 novel kryptogenin glycosides, was set up via six random
glycosylation procedures, wherein two compounds showed
their antitumour activity against HeLa cell in the prelimin-
ary pharmacological research.13
The use of a 202-membered ﬂuorescently labelled peptide
library designed to take an a-helix secondary structure
has been described. As a proof-of-concept experiment, a
calmodulin (CaM)/calcineurin (Cn) pair was chosen to
screen a-helical peptide ligands that tightly bind to CaM
and also control enzymatic functions of Cn. Three peptides
were successfully selected from the library by assaying Cn-
phosphatase activities and peptide–CaM interactions.14
The design and synthesis of a small library of 8-amidoﬂav-
one, 8-sulphonamidoﬂavone, 8-amido-7-hydroxyﬂavone,
and heterocyclic analogues of ﬂavopiridol has been re-
ported. The potential activity of these compounds as kinase
inhibitors was evaluated by cytotoxicity studies in MCF-7and ID-8 cancer cell lines and inhibition of CDK2-Cyclin
A enzyme activity in vitro.15
Virtual screening of commercial databases was done by
using a three dimensional pharmacophore previously
developed for T-type calcium channel blockers using the
CATALYSTTM program. Based on the structure of the vir-
tual hits, small molecule libraries with novel scaﬀolds have
been designed, the synthesis and biological evaluation of
which are currently in progress.16
Previously, a small library of chicoric acid analogs that
possessed both potent anti-integrase and antiviral activity
was prepared. In a recent study, a series of vinyl geminal
disulphone-containing compounds possessing a range of
ring substituents has been synthesised to probe the impact
of structure on inhibitory mechanisms, and four active
compounds were identiﬁed using HIV drug susceptibility
assays.17
a-Methyltryptamine sulphonamides were identiﬁed as hu-
man glucocorticoid receptor (hGR) ligands in an ultra high
throughput screening (UHTS) campaign. Subsequent hit-
to-lead activities, including parallel and single point analog
synthesis were undertaken to map the scaﬀold, and ligands
were identiﬁed that exhibited 30 nM binding to hGR.18
Small molecules potentially mimicking the hormone erythro-
poietin have been discovered by the screening of a library
of rationally designed multicomponent reaction molecules
in a functional cell-based assay.19
A small molecule library of 1,3-dioxoisoindoline-5-carbox-
amides has been designed based on a pharmacophore
model, synthesised and biologically evaluated as potential
T-type calcium channel blockers.20
A series of novel mGluR1 antagonists has been prepared.
Incorporation of fragments derived from weak lead matter
into a library led to enhanced potency in a new chemical
series. A chemistry-driven second library iteration, cover-
ing a greatly enhanced area of chemical space, maintained
good potency and introduced metabolic stability.21References
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